Abstract
Introduction 1 2 Delayed onset muscle soreness (DOMS) typically occurs after 3 strenuous and unaccustomed exercise and physical activity. It is classified 4 as a grade 1 muscle strain injury and is characterised by localised 5 tenderness and soreness.
1 Depending on the severity of exercise, DOMS 6 typically peaks between 24 to 72 hours after a bout of exercise but 7 eventually disappears after five to seven days.
2-7 DOMS could be 8 detrimental for athletes who are returning to training from a prolonged 9 period of inactivity. In addition, DOMS could deter individuals from 10 adhering to an exercise programme. For some individuals, DOMS could 11 result from excessive physical activity associated with daily living, 12 particularly if repeated eccentric movements or unaccustomed physical 13 activity are involved. 14 15 Several theories have been proposed to explain the mechanisms 16 underlying DOMS. These include lactate accumulation, 8 inflammation, 9 17 muscle spasm, 10 muscle damage, 11 connective tissue damage, 12 and 18 increased muscle temperature. 13 A common feature of several of these 19 proposed mechanisms is an increased production of free radicals, 14 and 20 reactive oxygen species. Indeed, it has been shown that reactive oxygen 21 species are produced in nearly every biological process and that they also 22 play a crucial role as signalling molecules for translating the exercise signals 23 to appropriate adaptations. The rationale for taking antioxidant supplements after exercise to 26 reduce DOMS comes from the notion that they could reduce the negative 27 effects of reactive oxygen species and oxidative stress resulting from 28 exercise. 16 Oxidative stress could deplete the body's antioxidant defences 29 and increase the rate of free radical production. [17] [18] [19] Moreover, 30 unaccustomed, eccentric and exhaustive exercise may also induce 31 inflammatory reactions which can contribute to increased reactive oxygen 32 species production and reduced antioxidant defences. 20 These can cause 33 exercise-induced muscle damage and result in DOMS.
1 Dietary antioxidants 34 may counteract oxidative stress by reducing the production of free radical 35 and reactive oxygen species associated with exercise. 17 Reducing DOMS 36 could be beneficial to athletes when returning to training from injury (i.e. 37 after a period of inactivity), and it could help sedentary and older 38 individuals recover from unaccustomed physical activity. 39
40
The ease of taking antioxidant supplements to prevent and reduce 41 muscle soreness after exercise and enhance recovery makes it an attractive 42 option for physically active individuals. Moreover, antioxidant supplements 43 are available to buy from supermarkets and health food stores and some 44 are marketed to enhance recovery. Despite the popularity of antioxidant 45 supplements, the evidence supporting its used is mixed. supplementation after DOMS-inducing exercise at all main follow ups (up to 305 6 hours; low-quality evidence, at 24 hours; moderate-quality evidence, at 306 48 hours; low-quality evidence, at 72 hours; moderate-quality evidence, at 307 96 hours; low-quality evidence. When, however, we rescaled all the trial 308 results to the 0 to 10 cm scale in order to compare the actual difference 309 between groups, we found that the 95% confidence intervals (CIs) for all 310 five follow up times were all below 1.0 cm, and thus all below the minimal 311 important difference of 1.4 cm that we used in this review. Thus, all 312 statistical differences in DOMS favouring antioxidant supplementation were 313 unlikely to equate to meaningful or important differences in practice. 314
Neither of our subgroup analyses to examine for differences in 316 effect according to type of DOMS-inducing exercise (mechanical versus 317 whole body aerobic) or according to funding source confirmed subgroup 318 differences. Sensitivity analyses to test the selection of the statistical model 319 for pooling (fixed-effect instead of random effects) and the exclusion of 320 cross-over studies all showed similar results to the main analyses. None of 321 the 50 studies reported on subjective recovery (return to previous activities 322 without signs or symptoms). Only nine studies (216 participants) reported 323 on adverse effects, with actual events reported in two studies. One study 34 
324
(12 participants) reported that all six participants in the NAC (N-325 acetylcysteine supplementation group had diarrhoea, which was mild in 326 five participants and severe in one. The same study 34 reported mild 327 indigestion in four participants (67%) in the NAC group and one of six 328 participants in the placebo group. It should be noted that NAC 329 supplementation is usually prescribed and it has been found to cause 330 uncomfortable side effects including nausea and diarrhoea in other studies. 331
Another study 43 reported that tart cherry juice caused mild gastrointestinal 332 distress in one of 26 participants taking the antioxidant supplement. The 333 other seven studies reported no adverse effects of taking the antioxidant 334 supplementation; this included 10 participants having NAC 335 supplementation in one study. Overall, the available evidence for adverse 336 events is very low-quality. 337
338
The majority of the 1089 participants included in this review were 339 male (961; 88.2%) and so arguably the findings of the review are mainly 340 applicable to males but there is no biological basis for why antioxidants 341
should have a different effect in the two sexes. These sex differences aretypical of what is observed in the athletic recovery literature.
3,4,7 More 343 noteworthy is that no data from highly-trained elite athletes were included 344 in the analyses; the data pertaining to nine elite athletes tested in 345
McCormick 63 were not included in the meta-analyses because the exercise 346 paradigm was completely different to all the other studies included in this 347 review. As the majority of the participants were either college students or 348 relatively young and active, these findings cannot be generalised in the elite 349 athlete population who have a different physiological and training status. We assessed the quality of evidence using the GRADE framework, 356 which combines considerations of risk of bias, indirectness, inconsistency 357 (heterogeneity), imprecision and publication bias. We downgraded all 358 outcomes one level for serious risk of bias, due mainly to selective 359 reporting bias (the majority of the trials failed to report on adverse effects) 360 and, to a lesser degree, attrition biases. We did not downgrade for 361 indirectness in relation to muscle soreness. We downgraded two outcomes 362 for serious inconsistency reflecting heterogeneity that could not be traced 363 to the inclusion of just one outlier trial. Pooled evidence did not support 364 downgrading for imprecision. Our tests for publication bias did not reveal a 365 serious concern, although all were small studies. Thus, we did not 366 downgrade for publication bias. We concluded that the quality of the 367 evidence ranged from moderate to very low. 368
It is important to acknowledge some important limitations of this 370 
